Background: The human hepatitis B virus (HBV), a member of the hepadna viridae, causes acute or chronic hepatitis B, and hepatocellular carcinoma (HCC). The duck hepatitis B virus (DHBV) infection, a dependable and reproducible model for hepadna viral studies, does not result in HCC unlike chronic HBV infection. Information on differential gene expression in DHBV infection might help to compare corresponding changes during HBV infection, and to delineate the reasons for this difference. Findings: A subtractive hybridization cDNA library screening of in vitro DHBV infected, cultured primary duck hepatocytes (PDH) identified cDNAs of 42 up-regulated and 36 down-regulated genes coding for proteins associated with signal transduction, cellular respiration, transcription, translation, ubiquitin/proteasome pathway, apoptosis, and membrane and cytoskeletal organization. Those coding for both novel as well as previously reported proteins in HBV/DHBV infection were present in the library. An inverse modulation of the cDNAs of ten proteins, reported to play role in human HCC, such as that of Y-box binding protein1, Platelet-activating factor acetylhydrolase isoform 1B, ribosomal protein L35a, Ferritin, α-enolase, Acid α-glucosidase and Caspase 3, copper-zinc superoxide dismutase (CuZnSOD), Filamin and Pyruvate dehydrogenase, was also observed in this in vitro study.
Introduction
The human hepatitis B virus (HBV) and the duck hepatitis B virus (DHBV), which are members of the same virus family, hepadnaviridae, share several features in common [1] . Unavailability of primary animal models susceptible to HBV infection, and inefficiency and unreliability of the infection process in in vitro systems [2] are major limitations in HBV research which restrain the study of this major human pathogen. But the establishment of the animal model with domestic duck employing the DHBV has helped greatly to overcome the shortcomings in HBV research [1, 3] . However, this model has its own limitations as revealed by the differences in the clinical manifestations of the disease in humans and birds infected by these viruses. This mainly pertains to the chronicity in DHBV infection without liver injury/hepatocellular carcinoma (HCC)/cirrhosis; spontaneous elimination of infection in adult ducks; and at the molecular level, the expression of only a cryptic X-protein [4] . A major lacuna in HBV biology is the lack of sufficient information on the molecular mechanisms involved in the development of HCC in chronic HBV patients, which has become a major medical challenge [5] .
A few studies have been performed comparing the gene expression in HBV positive HCC and non-cancerous liver [6] and viral and non-viral HCC [7] in patient samples. However, no study has focused to identify the differential gene expression in infection with DHBV either in vivo or in vitro to facilitate a comparative analysis. A recent in vitro study has addressed the proteomic changes during DHBV infection, which has brought to light a number of genes that are involved in the infection process [8] . However, a purely proteome based approach might not reveal changes in the expression levels of many of the low abundant proteins due to technical limitations, which needs to be complemented by mRNA/cDNA differential expression based approaches. In this context, we carried out a subtractive hybridization cDNA library construction and screening to identify the differential gene expression during DHBV infection in primary duck hepatocytes (PDH) in culture. The protocol we followed identified 42 upregulated and 36 down-regulated genes in DHBV infected PDH in culture.
Methods
Primary duck hepatocytes (PDH) were isolated from 27day old embryonated, un-hatched, duck eggs free of duck hepatitis B virus (DHBV) infection as previously described [9] and maintained at 5 × 10 6 cells/ml in DMEM+F12 (Sigma) and 5% FBS supplemented with glucose (0.5 gm/l), dexamethasone (10 -5 M) and insulin (1 μg/ml) (all from Sigma) at 37°C in a 5% CO 2 atmosphere. DHBV stock was concentrated from LMH-D2 cell culture supernatant, a chicken hepatoma cell line that constitutively replicate DHBV, (a kind gift from Dr. William S Mason, Fox Chase Cancer Centre, California), by precipitation with 10% polyethylene glycol 8000 (USB, USA) [10] . The pellet was re-suspended in DMEM+F12 medium and this concentrated virus was used to infect PDH at an MOI of 10 3 genome equivalents per hepatocyte, as previously described [11] in presence of 1% DMSO (Sigma). DHBV infection was confirmed by PCR on the DNA obtained from the culture supernatant using DHBV specific primers P1F and D2R (Additional File 1, Table 1 ). 2 μg of polyA RNA each from DHBV infected and uninfected PDH on zero and 4 th day of infection was isolated using PolyATract mRNA isolation system-III (Promega, USA) and was used to construct forward and reverse subtracted cDNA libraries using Clontech PCR-Select cDNA subtraction kit (Clontech, USA), as per kit protocols. PCR amplification of a house-keeping gene GAPDH (Additional File 1, Table 1 ) from subtracted and un-subtracted samples was used for confirmation of the subtraction efficiency. The subtracted cDNAs were ligated with the pGEM-T (Easy) vector (Promega), competent JM109 Escherichia coli cells (Promega) were transformed and plasmids were isolated following standard molecular biology protocols to obtain 137 forward and 148 reverse subtracted clones.
Macroarrays of these plasmids were generated by vacuum transferring 100 ng each of the denatured clone plasmid in duplicate spots onto nylon membranes (Hybond-N+, Amersham Biosciences UK) using a dotblot apparatus (Bio-Dot, Bio-Rad). The arrays were hybridized with α 32 P labelled forward and reverse subtracted cDNA mixtures as radioactive probes in a reverse-northern procedure. The probes were radiolabelled in a 50 μl PCR reaction using [α 32 P]-dCTP, dATP, dGTP, dTTP (0.2 mM each) and unlabelled dCTP (0.02 mM) using the nested PCR primers 1 and 2R (10 μM each) (Additional File 1, Table 1 ) and the Advantage 2 polymerase mix (Clontech). The adaptor regions common to both the probe and library clones were removed by digestion with RsaI restriction enzyme (NEB). The arrays were individually hybridized with both forward and reverse radio-labelled probes. Subsequent to a pre-hybridization of the membrane for 30 min in the hybridization solution(10% Polyethylene glycol, 1.5× SSPE and 7% sodium dodecyl sulphate), heat denatured probe solution containing 100 μl of RsaI digested radio-labelled probe, 250 μl of 10 mg/ml Herring sperm DNA(Promega) and 100 μl of 0.2N NaOH was added. The probe solution was removed after 16 hrs of hybridization at 65°C and the membrane was washed twice in 2× SSC and 0.1%SDS for 10 min at room temperature followed by two high stringency washes using 0.2× SSC and 0.1%SDS at 65°C for 10 min, and exposure to a phosphor screen for 30 min. The images were captured in Molecular Imager FX (Bio-Rad). The hybridization intensity was measured in the captured images by densitometry analysis of the signal on individual clones using VisionWorksLS image acquisition and analysis software (UVP, USA). The relative abundance ratio of gene expression was calculated using the following formulas. All genes with an abundance ratio of more than one, a cut-off fixed arbitrarily, were then short-listed as the ones with true differential expression. These clones were subjected to automated DNA sequencing in an ABI Prism 310 sequencer (Applied Biosystems) with the Big Dye Terminator 3.0 kit (ABI Prism; Applied Biosystems) as per the manufacturer's directions using the primers TvectF and TvectR (Additional File 1, Table 1 ). The sequences thus obtained were analyzed using the BLAST online software (NCBI).
Three genes, randomly selected from the top five genes in Table 1 and 2 (with high abundance); one gene from the bottom (with lower abundance) of the table; and one gene, which was not short-listed, were used for real-time PCR analysis for validation of the short-listing procedure. Specific primers for these 10 genes (five from each of the up-regulated and down-regulated library) and primers for the house keeping gene GAPDH were designed (Additional File 1, Table 1 ) and used in the real-time PCR. cDNA was synthesized using total RNA from fresh sets of primary duck hepatocyte cultures either infected with DHBV or uninfected, as described above, using Avian Myeloblastosis Virus (AMV) reverse transcription system (Promega). Realtime PCR was carried out as previously described [12] . The experiments were repeated thrice, each in duplicates, and average fold change in gene expression was calculated for individual genes. The threshold cycle (C t ) values obtained in the realtime PCR analysis were normalized with the expression of the house-keeping gene GAPDH, and the relative expression of individual genes in infected and uninfected cells were calculated by Pfaffl method [13] for Day 0 and Day 4 of infection using the equation:
The ratios for day 0 and day 4 infected samples were compared and analysed statistically by paired Student's t-test to validate the significance of gene expression changes. P-values < 0.05 were considered significant. 
Results & Discussion
The infection of PDH with DHBV did not produce any visible changes on the cell monolayer ( Figure 1A) . The virus infection was confirmed by PCR detection of a 300 bp DHBV glycoprotein 1 (gp1) gene fragment in the DNA isolated from infected PDH culture supernatant ( Figure 1B) and by sequence analysis. The establishment of a productive infection was indicated by the increasing PCR amplification intensity of the gene fragment with every successive day of culture for the total culture period of eight days. For RNA isolation for subtraction library construction, we selected an early time point of 4 days as described in previous studies [14] . Two libraries were generated-the forward subtracted or up-regulated genes and the reverse subtracted or down-regulated genes. The efficiency of subtraction procedure was indicated by a decrease in the intensity and appearance of discrete banding patterns in the lanes with subtracted products ( Figure 1C Figure 1D ). Hybridization of macroarrays blotted with 137 up-regulated and 148 down-regulated clones ( Figure 1E ) and short-listing only the ones with an abundance ratio of more than 1, we obtained 42 nonredundant up-regulated clones and 36 non-redundant down-regulated clones (Tables 1 and 2 ). Real-time PCR done using the representative sets of short-listed clones gave results confirming the reliability of the short-listing procedure. Genes that topped the differential expression among the up-regulated genes (F22, F8, F71) showed a significant (P < 0.05) increase in expression at 4-days compared to the 0 day in infected PDH (Figure 2A ), while the reverse was the case of the down-regulated genes (R73, R90, R130) ( Figure 2B ), all of whose expression decreased significantly (P < 0.05) at 4-day DHBV infection. F88 and R86, which were selected from the bottom end of the up-regulated and down-regulated gene-tables, respectively, also showed the expected modulation albeit at a lower fold. F62 and R47, picked from the genes left-out did not show any significant difference in their expression pattern. Functional classification of the short-listed clones using gene ontology based on BLAST results grouped them mainly into those belonging to cellular processes such as cellular respiration, signal transduction, transcription/translation, ubiquitin/proteasome pathway and apoptosis besides those coding for membrane and cytoskeletal proteins (Table 3 ). Among them, the category that was maximum up-regulated were the ones involved in transcription/translation (19%), whereas the ones maximum down regulated (11%) belonged to cytoskeletal proteins. The former included the HMG Box proteins and Y-box binding proteins. Previous studies have implicated the Y-box binding protein1, Platelet-activating factor acetylhydrolase isoform 1B (PAFAH1B1), Ribosomal Protein L35a, Ferritin, α-enolase, Caspase 3, CuZn Superoxide Dismutase (CuZnSOD), Filamin B, Pyruvate dehydrogenase 1-β, β-catenin, prolyl-3-hydroxylase 1, β-actin, acid α-glucosidase, and clathrin, the cDNAs of which were identified to be up-regulated, with chronic HBV infections and HCC development [6, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In comparison to the earlier report based on proteome analysis in DHBV infected PDH [8] , except for β-actin and α-enolase, all the cDNAs identified in the present study represented new genes. The difference could be due to multiple reasons, and importantly it might include the selective enrichment/elimination of some of the cDNAs during the process of RT-PCR amplification and cloning as part of the subtraction library construction. Nevertheless, our data provides a new set of candidate genes worth further investigation in hepadnaviral infection. An interesting observation in this study was the inverse pattern of differential expression of ten of these genes in in vitro DHBV infected cells as against the reports on HCC clinical samples [6, [15] [16] [17] [18] [19] [20] . The mRNAs for the Ybox binding protein1, PAFAH1B1, Ribosomal Protein L35a, Ferritin, α-enolase, acid alpha-glucosidase and Caspase 3 were shown to be down-regulated during in vitro DHBV infection, whereas those of CuZnSOD, Filamin B and Pyruvate dehydrogenase were shown to be up-regulated, where as the reverse was the trend in human HCC. This observation may be purely coincidental owing to the fact that the experimental method we used was an in vitro system, and the changes in primary hapatocytes during culture itself, such as de-differentiation, might have led to these alterations in gene expression.
Conclusions
In summary, the present study identified cDNAs of a number of genes that are differentially modulated in cultured PDH, invitro infected with DHBV. cDNAs of both novel as well as already reported genes/proteins associated with HBV/DHBV infection or HCC were identified in the library. The genes short-listed here could be valuable leads for further studies in animal models, which might help to understand the pathology of chronic HBV infections and pathogenesis of HCC.
Additional material
Additional file 1: Primers used in the study.
